Introduction
============

Chronic Obstructive Pulmonary Disease (COPD) is a major cause of morbidity and mortality.[@bib1] It contributes to a large number of acute admissions to hospital. There are seasonal peaks in these episodes.[@bib2] This trend in admissions is set to rise and represents a major expenditure in the health services.[@bib2], [@bib3] Molecular techniques for the detection of respiratory viruses have recently been developed. Viruses have been identified in 39--56% of COPD exacerbations.[@bib4], [@bib5], [@bib6] In asthma, correlations have been found between the seasonal patterns of upper respiratory infections in children and adult hospitalization.[@bib7] We hypothesized that a similar association could be obtained between paediatric viral respiratory tract infections and adult admissions with COPD. We obtained data from the regional laboratory. Respiratory samples are routinely screened for viral pathogens on children admitted to hospital. This should reflect the prevalence of upper respiratory infection in children attending hospital at that time. Adult admissions with COPD were recorded from a general hospital in the greater Belfast area.

Methods
=======

Subjects
--------

Childhood virus identification data was obtained from the Northern Ireland Regional Virus Laboratory. The children were all under 15 years of age. Each virus identified represents one patient during one hospital attendance. We screened for duplicate samples and these were removed prior to analysis. Adult hospital admissions with COPD (ICD code J44.0 or 496.0) for the same time period were identified from the Mater Hospital, an urban general hospital in Belfast. Patients were admitted to hospital following a decision to admit by a senior Doctor in the emergency department. Those patients who were coded on discharge as having other co morbid conditions contributing to their admission (e.g. left ventricular failure) were excluded from the analysis. This information was collected for each week from January 1, 1996 to September 30, 1999.

Viral detection
---------------

Respiratory viruses were detected by a combination of immunofluorescence and virus culture. Those specimens negative by immunofluorescence were re-tested by virus culture. Respiratory specimens were suspended in 5 ml of PBS, centrifuged at 2600*g* for 5 min and the supernatant discarded. The sample was resuspended in 100 μl of PBS and the cells were spotted onto a multiwell slide, air dried, fixed in acetone at 4 °C for 10 min and stained with 10 μl of direct fluorescent-labelled monoclonal antibody (Chemicon, Harrow, England, UK). Antibodies to adenovirus, respiratory syncytial virus, parainfluenza type 1, parainfluenza type 2, parainfluenza type 3, influenza A and influenza B were used. Following 30 min incubation in a 37 °C humidified chamber, the slide was washed in PBS for 5 min, dried, mounted with a glass coverslip using glycerol and examined under a Zeiss^®^ IV epifluorescence microscope, set at ×40 magnification (Zeiss Microscopy, Hamburg, Germany). Samples negative by immunofluorescence were cultured using a standard protocol as previously described.[@bib8] Briefly, we inoculated multiple cell lines in suspension on a microtitre plate. These were incubated in a sealed box with 5% CO~2~ at 37 °C for up to 7 days. The plates were read daily for evidence of cytopathic effect using an inverted Olympus^®^ microscope at ×40 magnification (Olympus, Hamburg, Germany).

School holidays
---------------

School holiday dates were obtained from the Department of Education for Northern Ireland. Weeks in which there were 3 or more days of schools holidays were denoted as a holiday period (for subsequent analysis).

Statistical analysis
--------------------

Cosine and Sine terms were used to pick up sinusoidal variation in COPD admissions throughout the year. School holidays were included in the Poisson regression as a dummy (0/1) variable and also lagged by 1 and 2 weeks, this variable was put into the prediction only when school holidays played a role (i.e. only during a school holiday period). Relationships were assessed using Spearman\'s rank correlation. Individual viruses were correlated with COPD admissions. The Cosine and Sine terms along with the school holidays variable were included in this analysis.

Poisson regression was applied to individual respiratory viruses to calculate the relative risk (95% confidence intervals) of COPD admissions in the same week as well as 1 and 2 weeks later. This was also performed with the Cosine and Sine terms with the school holiday variable included in the analysis. Statistical methods used are similar to those previously described.[@bib9] Statistical analyses were performed using the SPSS (version 11) package and Poisson regression on Stata 8.0.

Results
=======

Respiratory viral infection in children
---------------------------------------

A total of 1243 children were studied, 54.5% were male. The median age of this patient group was 0.43 years, with a (interquartile range 0.1--0.7) range of newborn to 15 years. Respiratory viruses were detected in 2279 specimens. The samples submitted for testing were most commonly respiratory secretions (2160), followed by sputum (89), swabs (28) and bronchoalveolar lavage (2). The relative frequency of viruses identified were as follows: respiratory syncytial virus 1871 (82%); influenza A, 184 (8.1%); influenza B, 19 (0.8%); adenovirus, 56 (2.5%); parainfluenza 1, 39 (1.7%); parainfluenza 2, 6 (0.3%); parainfluenza 3, 104 (4.6%).

Adult admissions with COPD
--------------------------

There were 1217 admissions at the Mater hospital with exacerbations of COPD, 48.9% were male. The median age was 68.5 (interquartile range 65.7--71.5) years. [Table 1](#tbl1){ref-type="table"} shows the variables including COPD admissions and the viruses studied. The numbers of weeks of the study that a particular virus was identified are listed along with the number of episodes per week. [Fig. 1](#fig1){ref-type="fig"} illustrates COPD admissions and the number of viruses seen in children for each week during the study.Table 1The incidence of admissions and viruses detected in this study.VariableNumber (%) of weeks virus identifiedIncidence (per week)COPD admissions---6.2±2.7Respiratory syncytial virus109 (56)5 (1--25)Influenza A58 (30)2 (1--4)Influenza B12 (6)1 (1--2)Adenovirus45 (23)1 (1--1)Parainfluenza 129 (15)1 (1--1)Parainfluenza 25 (3)1 (1--1)Parainfluenza 351 (26)2 (1--3)[^1]Figure 1COPD admissions and virus detection during the study.

Correlations
------------

Correlations between the total numbers of respiratory viruses as well as those for individual viruses are shown in [Table 2](#tbl2){ref-type="table"} . A significant correlation was seen between the total number of viruses $r = 0.23$ $(P < 0.005)$ and COPD hospitalization. Subgroup analysis showed a relationship between influenza A $r = 0.25$ $(P < 0.001)$, influenza B $r = 0.15$ $(P < 0.05)$ respiratory syncytial virus $r = 0.23$ $(P < 0.005)$, adenovirus $r = 0.18$ $(P < 0.05)$ and COPD admissions. [Fig. 2](#fig2){ref-type="fig"} illustrates COPD admissions and total numbers of respiratory viruses seen in children for each week during the study.Table 2Correlations (Spearman\'s) between respiratory viruses and COPD admissions.Respiratory virus*r*~s~ valueSignificance ( 2-tailed )All viruses0.231\*0.001Respiratory syncytial virus0.231\*0.001Influenza A0.248\*0.0005Influenza B0.145\*0.042Adenovirus0.175\*0.014Parainfluenza 1−0.0020.98Parainfluenza 2−0.0380.59Parainfluenza 3−0.0760.29[^2]Figure 2COPD admissions and total numbers of respiratory viruses seen in children. The admissions are illustrated by bars, each bar represents 1 week and the left *Y*-axis shows the range. Viruses detected in children are shown as a solid line; the right *Y*-axis shows the range.

School holidays
---------------

Following Poisson regression analysis of school holidays on numbers of COPD admissions, there were significantly fewer COPD admissions for the week after the start of a holiday period, $P < 0.05$, relative risk 0.85 (95% CI 0.73--0.98) in comparison to numbers of admissions during term time. Thus, the week after the start of a school holiday period there were 15% fewer COPD admissions. There was no increase in admissions seen for up to 3 weeks following the end of a school holiday period.

Regression analysis
-------------------

Individual viruses were also correlated with COPD admissions, to determine if the detection of particular viruses could be associated with increased COPD admissions in the following weeks. [Table 3](#tbl3){ref-type="table"} shows significant correlations with respiratory syncytial virus, influenza A, influenza B and adenovirus however not with total numbers of viruses. COPD admissions were increased for up to 2 weeks after respiratory syncytial virus and influenza A. When the Cosine and Sine terms with the school holidays variable were applied to this analysis, no significant correlations were seen.Table 3The relative risk of viral infection of children and COPD admission.PredictorPoisson regression coefficientRelative risk (95% confidence interval)Same week1 weeks time2 weeks timeVirus total1.09 (0.95, 1.26)1.11 (0.96, 1.28)1.11 (0.96, 1.28)Respiratory syncytial virus1.17 (1.05, 1.31)\*\*1.15 (1.02, 1.29)\*1.18 (1.05, 1.33)\*\*Influenza A1.25 (1.11, 1.40)\*\*\*1.14 (1.01, 1.29)\*1.18 (1.05, 1.33)\*\*Influenza B1.27 (1.03, 1.57)\*1.20 (0.97, 1.49)1.20 (0.97, 1.49)Adenovirus1.20 (1.05, 1.36)\*\*1.02 (0.89, 1.17)1.07(0.94, 1.22)Parainfluenza 11.01 (0.86, 1.18)1.05 (0.90, 1.23)1.05 (0.90, 1.23)Parainfluenza 20.93 (0.65, 1.35)0.96 (0.67, 1.38)0.80 (0.54, 1.19)Parainfluenza 30.93 (0.81, 1.06)0.90 (0.79, 1.02)0.94 (0.84, 1.08)[^3]

Discussion
==========

We have identified several correlations between viral respiratory tract infections in children and acute hospital admissions of patients with exacerbations of COPD. Viral infection is known to cause acute exacerbations and hospital admission.[@bib10] Respiratory syncytial virus was the most common pathogen identified. Until recently respiratory syncytial virus was infrequently detected in COPD exacerbations.[@bib4], [@bib5] However, in the last 4 years several studies have implicated this virus in adults. Borg et al.[@bib11] identified respiratory syncytial virus infection in 28% of COPD patients, they attributed this higher incidence to a more sensitive real-time PCR assay. Furthermore Falsey et al. demonstrated respiratory syncytial virus infection was associated with 11.4% of hospitalizations for COPD patients.[@bib12]

Viral infection in this group of children is likely to reflect the infection profile of the entire community. The spread of common respiratory viruses through a community is facilitated by transfer amongst young children.[@bib7] The reduction in COPD admissions seen in the week after the start of school holidays may reflect the protective effect of holidays. There is less contact between children reducing the spread of respiratory pathogens.

Significant correlations were obtained for those viruses (respiratory syncytial virus, influenza A, influenza B, and adenovirus) which are known to precipitate exacerbations of COPD.[@bib4], [@bib5], [@bib6] There were peaks in COPD admissions where no viruses were identified. These may be related to rhinovirus and human metapnemovirus infection. We did not test for human rhinovirus during this period as it is fastidious and requires molecular detection. Coronavirus similarly was not identified. Human metapneumovirus was only discovered after the study was completed. This underscores the possibility of other endemic viruses which have not yet been identified, but which may contribute to the peaks in numbers of acute exacerbations in adults.[@bib13]

The correlation between COPD admissions and the detection of respiratory syncytial virus 2 weeks previously reflects the longer incubation period of respiratory syncytial virus infection. By comparison influenza B was associated with a rise in COPD admissions in the same week; this virus has a shorter incubation period. It is notable that the regression analysis did not identify any particular virus as having an increased relative risk with respect to subsequent COPD admissions when the analysis was performed on data in which seasonal variation in COPD admissions had been removed. Previous investigators have demonstrated no seasonally related differences in disease characteristics for COPD exacerbations,[@bib14] thus in removing seasonal variation prior to analysis the true effects of viral detection on COPD admissions may be been masked.

Thompson et al.[@bib15] have published data linking influenza and respiratory syncytial virus infection with increased mortality in the elderly. There are increased admissions in older people in winter. Fleming showed that acute respiratory infections are associated with hospitalization and increased mortality.[@bib16] This is reflected in the main findings between viruses in children and adult COPD admissions which have been highlighted in this study. It reinforces the health service implications of winter infection and increased exacerbations of COPD. It is also noteworthy that the peak death rate is in patients diagnosed with acute respiratory disease.[@bib16] Influenza has been linked with increased health care use by children and the elderly. There is an excess mortality particularly in the elderly.[@bib17] Several studies have demonstrated the cost-effectiveness and positive economic aspects of influenza vaccination in children[@bib18], [@bib19] and associated reductions in respiratory morbidity amongst their household contacts.[@bib20] This study supports previous evidence that COPD patients benefit from influenza vaccination.

In summary, this study underscores the importance of viral infections in the pathogenesis of COPD. It relates children\'s infections to hospitalizations of adults with COPD. It highlights the relationship between influenza A and B, adenovirus and respiratory syncytial virus with COPD exacerbations.

John Whitmore (Mater Hospital Information Technology department) provided COPD admission data. Dr. Chris Patterson (Department of Epidemiology & Public Health, Queen\'s University Belfast) assisted with the statistical analysis of data.

[^1]: Column 1 shows the variables including COPD admissions and the viruses studied. Column 2 shows the number of weeks of the study that a particular virus was identified. Column 3 shows the number of episodes per week; median (IQR).

[^2]: \* Correlation is significant.

[^3]: ${}^{*}P < 0.05$; ${}^{**}P < 0.01$; ${}^{***}P < 0.001$.

    This table illustrates Poisson regression coefficients for relative risk of COPD admission per week (as well as the following 2 weeks) with respect to the detection of the named respiratory viruses.
